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Fig. 1. (color online) 3-D sketch map of 0.14 THz sur-
face wave oscillator. 1. Cathode of high voltage diode;
2. Anode of high voltage diode; 3. Emitted electron

beam; 4. Slow wave structure; 5. Output port.
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Fig. 2. (color online) Cold-test character of THz surface wave oscillator. (a) Dispersion curve of TMo1; (b)

Distribution of Ealong radical direction.
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Fig. 3. (color online) Simulation results of surface wave oscillator. (a) Output power of surface wave

oscillator; (b) Spectrum of output signal.
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Fig. 4. (color online) Phase space of electrons.
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Fig. 5. (color online) Distribution of E; along ax-

ial direction at » = 0.29 cm.
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Abstract

As the working frequency of a vacuum electron device reaches the terahertz frequency band, the cross section of
the surface wave oscillators (SWO) becomes very small, and the micro-fabrication precision of the device cannot be
guaranteed, at the same time, because the electromagnetic field of SWO concentrates on the inner surface in slow wave
structure, when the working voltage of surface wave oscillator is very high, the explosive emission probability of the slow
wave structure increases greatly, and the explosive emission can influence the working characteristic of the device. This
paper analyses the distributing property of the electrical field in the slow wave structure of 0.14 THz SWO. Parameters
of the SWO under study are as follows: working voltage is 312 kV, explosive emitted current is 1.67 kA, periodic length
of the slow wave structure is 0.7 mm, width of the slot is 0.4 mm, and the height of it is 0.3 mm; cold-test results indicate
that the amplitude of the electrical field in the slow wave structure varies sinusoidally; the amplitude of the electrical
field reaches a maximum value in the middle of the slow wave structure near its inner surface, and the explosive electron
emission can occur most possibly in this position, because the electrical field in the slow wave structure varies with very
high working frequency. The explosive emitted electron may bombard back the slow wave structure, and the secondary
electrons will be emitted at a certain probability, for which the formula proposed by Vaughan is used to compute the
secondary emission yield, and this formula is implemented in the self-developed particle-in-cell code UNIPIC; while the
code is used to simulate 0.14 THz SWO with explosive emission in the slow wave structure. In the simulation, the slow
wave structure multipactor discharge induced by electrons is also considered; the phase space of the electrons emitted
from the slow wave structure shows that the energy of secondary electrons is below 5 keV, so the validity for secondary
electron yield is affirmed. Numerical simulation results indicate that because the emitted electrons from the slow wave
structure change the distribution character of the electrical field in the slow wave structure, especially the amplitude
of the electrical field in the middle of the slow wave structure, the beam-wave interaction is weakened, and as a result,

output power decreases from about 22.6 megawatts to only 1.89 megawatts.

Keywords: terahertz source, surface wave oscillator, slow wave structure, explosive mission

PACS: 07.57.Hm, 45.10.Db, 52.65.—y DOI: 10.7498/aps.64.150702

t Corresponding author. E-mail: chbtmczg@163.com

150702-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.150702

	1引 言
	20.14 THz高电压表面波振荡器的场分布特性
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5


	30.14 THz表面波振荡器的慢波结构爆炸发射电子模拟研究
	Fig 6
	Fig 7
	Fig 8


	4结 论
	References
	Abstract

